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DESCRIPTION 

Technical Field 

The invention relates to a data acquisition method 
and apparatus designed to be used in a hydrocarbon well 
in production. 

More precisely, the method and apparatus of the 
invention are designed to ensure that the production 
parameters in a hydrocarbon well are monitored, and to 
enable a diagnosis to be established in the event of an 
incident . 


15 State of the Art 

To ensure the monitoring and diagnostic functions in 
hydrocarbon wells in production, a certain amount of 
data, mainly physical data, has to be acquired. The data 
essentially relates to the multiphase fluid which flows 

2 0 in the well (flow rate, proportions of its various 

phases, temperature, pressure, etc.). It can also relate 
to certain characteristics of the well proper 
(ovalization, inclination, etc.). 

Data that is particularly important for the operator 
25 is the average flow rate and the proportion of each of 
the phases present in the multiphase fluid. 

To acquire said data, and as shown in particular by 
document FR-A-2 732 068, a conventional solution consists 
in taking, firstly, an overall measurement of the speed 

3 0 of the fluid flowing in the well, by means of a spinner 

placed in the axis of the well, and secondly, local 
measurements enabling the proportions of the various 
phases of the fluid in certain regions of the well to be 
determined. The speed measurement and the local 

35 measurements are taken at various levels. The local 
measurements are taken by means of local sensors which 
can be resistivity sensors, optical sensors, etc.. 
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Document FR-A-2 761 111 proposes an improvement to 
that type of apparatus, in which the overall measurement 
of the speed of the fluid and the determination of the 
proportions of the various phases are taken substantially 
at the same level. Such an apparatus is more compact 
than conventional apparatuses and avoids certain errors 
or inaccuracies due to offsets between the measurement 
points . 

To determine the flow rate of the various phases of 
the fluid flowing in the well, the flow rate of the fluid 
over the section of the well is calculated from the 
measurements taken by said existing apparatuses by 
multiplying the overall speed measured at the center of 
the well by the section of the well at the place where 
said measurement is taken. The proportion relating to 
the phase under consideration as determined by the local 
sensors is then applied to said overall flow rate. 

It is also known that the distribution of the 
various phases of the fluid flowing in an oil well varies 
depending on whether the well is vertical, inclined, or 
horizontal. Because of the difference in density of the 
various phases of the fluid, said phases become 
progressively more stratified with increasing inclination 
of the well. Thus, in the case of a three-phase fluid 
containing water, oil, and gas, the three phases tend to 
flow one on top of the other when the well is horizontal 
or greatly inclined. 

To take account of that phenomenon, and as shown in 
particular in documents GB-A-2 294 074 and 

GB-A-2 313 196, data acquisition apparatuses have been 
proposed that are provided with a certain number of local 
sensors that are distributed in a vertical mid-plane of 
the well when the tool is brought into its operating 
position in an inclined or horizontal well. 

The arrangement of the local sensors proposed in 
those documents enables the stratification of the various 
phases in inclined or horizontal wells to be taken into 
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account in order to determine their proportions in more 
reliable manner. However, the technique used to 

determine the flow rate of each of the phases remains the 
same and is based on determining the overall flow rate of 
the fluid in the well. 

Document GB-A-2 3 07 047 proposes a data acquisition 
apparatus intended for horizontal or greatly inclined 
wells in which there flows a liquid phase together with a 
large gas phase. That apparatus has various sensors 
situated in the gas phase and sensors situated in the 
liquid phase (s). In addition, it measures the speeds of 
the gas and the liquid phases separately. It also takes 
a level measurement, by a capacitive system, so as to 
determine the proportions of the gas and liquid phases. 

That apparatus can only be used in wells that are 
horizontal or greatly inclined. In other words, it 
cannot be used in wells that are vertical or slightly 
inclined. In addition, the level measurement technique 
used does not determine the real proportions of the 
various phases of the fluid. An intermediate zone 
generally exists where the gas and the liquid are mixed, 
thereby causing the level measurement taken to be highly 
inaccurate. Furthermore, the frequent presence of two 
liquid phases, such as water and oil, is not taken into 
account . 

S umma ry of the invention 

An object of the invention is to provide a data 
acquisition method and apparatus that enable the flow 
rate of the various phases of a fluid flowing in an oil 
well to be determined in more accurate and more reliable 
manner than with existing apparatuses, in particular when 
the well is inclined or horizontal. 

The invention is based on the observation whereby, 
in an inclined or horizontal well, the flow rate of any 
one phase of the fluid is not equal to the product of the 
overall (or average) speed of the fluid multiplied by the 
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section of the well and by the proportion of said phase 
in the flowing fluid, but is rather the product of the 


section and by the proportion of said phase. 

Thus, the invention provides a method of acquiring 
data in a hydrocarbon well, the method being 
characterized in that it consists in determining both the 
local speed of a multiphase fluid flowing in the well and 
the local proportions of the phases of said fluid in each 
of at least two distinct regions of the well that are 
offset from each other parallel to the axis of the well. 

The regions in which the measurements are taken are 
preferably all situated in the same plane containing the 
axis of the well, or in the vicinity of said plane. 

More precisely, said regions are preferably 
distributed across the entire width of the well. 

To ensure the effectiveness of the measurement in an 
inclined or horizontal well, the plane in which the 
measurement regions are situated is advantageously 
oriented in a substantially vertical direction. 

One of said regions is thus preferably situated in 
the vicinity of a top generator line of the well. 

A section element (Asi) of the well is 
advantageously assigned to each of said regions, and the 
overall flow rate Q of each of said phases is determined 
from the relationship: 


where S is the total vertical section of the well 

and qi is the flow rate of said phase in section element 

Asi, 

with q ± = v i-h ± 

where v t is the local speed of said phase in section 
element Asi 


speed of the phase under consideration multiplied by the 
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and h £ is the local proportion of said phase in section 
element Asi. 

The invention also provides apparatus for acquiring 
data in a hydrocarbon well, the apparatus being 
characterized in that it comprises, in each of at least 
two distinct regions of the well that are offset from 
each other parallel to the axis of the well/ means for 
determining the local speed of a multiphase fluid flowing 
in the well and means for determining the local 
proportions of the phases of said fluid. 

In a preferred embodiment of the invention, the 
apparatus comprises a body capable of resting, by 
gravity, against a bottom generator line of the well, and 
at least one deployable arm supported by the body at one 
end and capable of being applied against the top 
generator line of the well, in which at least some of the 
means for determining the local speed of the fluid and at 
least some of the means for determining the local 
proportions of the phases are supported by the deployable 
arm . 

In another preferred embodiment of the invention, 
the apparatus comprises a body capable of being centered 
about the axis of the well by centering means including 
at least two deployable arms supported by the body and 
capable of being applied respectively against the bottom 
generator line and against the top generator line of the 
well, in which at least some of the means for determining 
the local speed of the fluid and at least some of the 
means for determining the local proportions of the phases 
are supported by the deployable arms . 

Depending on circumstances, the means for 
determining the local speed of the fluid and the means 
for determining the local proportions of the phases can 
either be included in the multi -sensor assemblies or they 
can be separate therefrom. When separate, in each of the 
measurement regions, the means for determining the local 
speed of the fluid and the means for determining the 
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local proportions of the phases are substantially in 
alignment with each other on a line parallel to the axis 
of the well. 

Brief description of the drawings 

Various embodiments of the invention are described 
below as non-limiting examples, and with reference to the 
accompanying drawings, in which: 

Figure 1 is a view in longitudinal section showing 
in diagrammatic manner data acquisition apparatus 
constituting a first embodiment of the invention in a 
greatly inclined well; 

Figure 2 is a view in diagrammatic section on line 
II- I I of Figure 1; 

Figure 3 is a view similar to Figure 1 showing 
another embodiment of the invention; and 

Figure 4 is a section view similar to Figure 1 
showing a variant of the first embodiment. 

Detailed description of preferred embodiments of the 
invention 

Figure 1 shows, very diagrammatically , a portion of 
data acquisition apparatus 10 placed in a hydrocarbon 
well 12 in production. More precisely, the portion of 
the well 12 in which the apparatus 10 is situated is 
inclined so that the multiphase petroleum fluid which 
flows therein is stratified at least in part. The data 
acquisition apparatus 10 of the invention is linked to a 
surface installation (not shown) via a cable or a 
flexible rod. The data acquired in the apparatus 10 is 
transmitted in real time to the surface installation, by 
telemetry, through the cable or the flexible rod. 

In modules not shown and which are not part of the 
invention, the data acquisition apparatus 10 includes a 
certain number of sensors, such as pressure or 
temperature sensors. It also comprises a telemetry 
system. 
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In the portion shown in Figure 1, the data 
acquisition apparatus 10 comprises a cylindrical body 14 
having a diameter that is substantially smaller than the 
inside diameter of the well 12. The body 14 supports a 
deployable mechanism 16 that is capable of being deployed 
in a plane containing the longitudinal axis of said body. 

In the embodiment shown in Figure 1, the mechanism 
16 comprises an arm 18 having a downward end hinged on 
the body 14, and an arm 2 0 interposed between the other 
end of the arm 18 and a portion of the body 14 closer to 
the surface. This end of the arm 20 is capable of being 
displaced inside the body 14, parallel to its 
longitudinal axis, by a motor 22. Actuation of the motor 
22 enables the mechanism 16 to be displaced between an 
active position of the apparatus in which said mechanism 
is deployed in the manner shown in Figure 1, and an 
inactive position in which the mechanism 16 is retracted 
inside the body 14 . 

In a variant embodiment (not shown) , the mechanism 
16 can be constituted by a spring mechanism that is 
automatically deployed when the apparatus is inserted in 
the well. The motor 22 can thus be omitted. 

In the embodiment of Figure 1, when the apparatus 10 
is inserted in an inclined or horizontal well, the body 
14 automatically remains in the bottom portion of the 
well, i.e. against the bottom generator line of the well. 
When the mechanism 16 is deployed, the mechanism then 
automatically occupies the entire diameter of the well. 
Consequently, the arms 18 and 2 0 forming the mechanism 16 
are automatically positioned above the body 14 in a 
vertical plane containing the longitudinal axis of the 
well 12. 

In a variant, it is possible to fit the body 14 of 
the apparatus with a magnetic device. The device co- 
operates with the metal tubing which lines the inside of 
the well 12 so as to guarantee that the body 14 is 
properly oriented in the above-mentioned vertical plane. 


WO 01/11190 


8 


PCT/EP00/07285 


In each of at least two distinct regions of the well 
12, the data acquisition apparatus 10 comprises means for 
determining the local speed of the multiphase fluid 
flowing in the well, and means for determining the local 
proportions of the phases of said fluid. The various 
regions in which the measurements are taken are not in 
alignment with one another parallel to the longitudinal 
axis of the well. 

More precisely, in the embodiment shown in Figures 1 
and 2, the apparatus 10 is fitted with five multi-sensor 
assemblies 24, each including means for determining the 
local speed of the fluid, and means for determining the 
local proportions of the phases of said fluid. One of 
said multi-sensor assemblies 24 is mounted in the body 14 
of the apparatus 10 and the other four multi-sensor 
assemblies 24 are mounted on the arm 18 of the mechanism 
16 so as to be distributed evenly across the entire width 
of the well 12 in the vertical plane containing the 
longitudinal axis of said well . 

One of multi -sensor assemblies 24 mounted on the arm 
18 is placed on its end hinged to the arm 20. 
Consequently, said multi-sensor assembly 24 is situated 
in the immediate vicinity of the top generator line of 
the well when the mechanism 16 is deployed. 

Figure 2 is a diagram showing the geometrical 
distribution of the multi-sensor assemblies 24 over the 
entire width of the well 12 in the vertical plane 
containing the longitudinal axis of the well. 

In practice, each of the means for determining the 
local speed of the fluid, contained in the multi -sensor 
assemblies 24, is constituted by a small spinner (not 
shown) . The multi-sensor assemblies 24 are mounted on 
the arm 18 of the mechanism 16 so that the axes of the 
spinners are oriented substantially parallel to the 
longitudinal axis of the well 12 when the mechanism 16 is 
deployed. This can easily be obtained by mounting the 
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assemblies 24 on the arm 18 via deformable parallelogram 
linkages or the equivalent. 

In addition, each of the means for determining the 
local proportions of the phases of the fluid and fitted 
to each multi-sensor assembly 24, can be constituted by 
any known means capable of performing this function. 
Such known means include, in particular, resistivity 
sensors as described in document EP-A-0 733 780, optical 
sensors as described in document FR-A-2 74 9 080, or 
multiple sensors including two or three optical sensors, 
or one optical sensor and a resistivity sensor, for 
example . 

In the embodiment in Figures 1 and 2, each of the 
means for determining the local proportions of the phases 
can, in particular, be placed in the center of the small 
spinner serving to measure the local speed of the fluid. 

Using the arrangement described above, there are 
made available both a measurement of the local speed of 
the fluid and data representative of the local 
proportions of the phases in each of the local regions 
occupied by the multi-sensor assemblies 24. In each of 
the regions in which the multi-sensor assemblies 24 are 
situated, the flow rate value of each of the phases 
entering into the composition of the petroleum fluid 
circulating in said region of the well can therefore be 
calculated accurately. The total flow rate is then 
determined for each of the phases by adding together, for 
the all of the regions, the values of the previously 
calculated flow rates. 

A measurement is thus obtained of said flow rates 
that is substantially more accurate than the measurement 
obtained with prior art apparatus, regardless of whether 
the well is vertical or whether it is inclined or 
horizontal . 

The method of determining the overall flow rate is 
based on experimental observation whereby, in an inclined 
or horizontal well, the various phases are stratified 
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along substantially horizontal separation lines in a 
vertical section of the well. Thus, the total section of 
the well can be divided into a plurality of section 
elements As having horizontal sides. A multi-sensor 
assembly 24 is associated to each of said section 
elements As. On this basis, the overall or total flow 
rate of any given phase is equal to the sum of the flow 
rates of said phase calculated over all the section 
elements As. In other words, in the case where three 
multi-sensor assemblies 24 are used associated with three 
respective section elements Asl, As2 , and As3 , the 
overall flow rate Q is given by the relationship: 

Asl As2 As3 

Q = q h q + q„ 

4 i S 2 S 3 S 

where S represents the total vertical section of the well 
and q 1# q 2 , and q 3 represent the flow rates of the phase 
under consideration in each of the respective section 
elements Asl, As2, and As3, each of said flow rates being 
equal to the product of the local speed v x , v 2 , and v 3 of 
the phase under consideration multiplied by the local 
proportion h x , h 2 , and h 3 of said phase. 

Figure 3 is a diagram showing another embodiment of 
the apparatus 10 of the invention. 

In this case, the body 14 of the data acquisition 
apparatus 10 is centered about the longitudinal axis of 
the well 12 via at least two arms 18 1 and 20 1 situated in 
locations that are diametrically opposite about the 
longitudinal axis of the body 14. As mentioned above, 
the arms 18* and 20' can be arms that are hinged, 
deployed, or folded by means of a motor mounted in the 
body 14, or they can be arms forming springs as shown in 
Figure 3 . 

In this second embodiment, the arms 18 1 and 20' are 
mounted on the body 14 of the apparatus 10, for example 
by means of a mechanism enabling said arms to be oriented 
automatically so as to be situated in the vertical plane 
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containing the longitudinal axis of the well 12 when the 
well is inclined or horizontal- Such a mechanism (not 
shown) can, in particular, comprise a rheostat with a 
plumb weight delivering a signal representative of the 
vertical direction. A motor sensitive to said signal 
thus imparts the desired orientation to the arms 18' and 
20' . 

In the embodiment in Figure 3, multi-sensor 
assemblies 24 are mounted in the body 14 and on each of 
the arms 18' and 20 1 so as to take measurements in 
distinct regions of the well, that are evenly distributed 
over the entire width of the well in a single, 
vertically-oriented plane containing the longitudinal 
axis of the well. 

In the particular case of Figure 3, a multi-sensor 
assembly 24 is mounted in the body 14 of the apparatus 10 
and two mult i- sensor assemblies 24 are mounted on each of 
the arms 18 ' and 20 1 . More precisely, each of the arms 
18 1 and 20' supports a multi-sensor assembly 24 in the 
immediate vicinity of the walls of the well 12, i.e. of 
the top and bottom generator lines of the well. Each of 
the arms 18' and 20 1 also supports a multi-sensor 
assembly 24 in a location such that it is positioned 
radially, substantially mid-way between the body 14 of 
the apparatus and the bottom and top generator lines of 
the well. 

In a variant, the multi- sensor assembly 24 mounted 
in the body 14 of the apparatus 10 can be omitted and 
replaced by two multi-sensor assemblies 24 symmetrically 
mounted in the immediate vicinity of the body 14 on each 
of the arms 18 1 and 2 0'. 

Figure 4 is a diagram showing a variant of the first 
embodiment of the invention. 

This variant differs from the embodiment previously 
described with reference to Figures 1 and 2 essentially 
in that the means for determining the local speed of the 
fluid and the means for determining the local proportions 
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of the phases are situated in various locations, instead 
of being included in the multi-sensor assemblies. 

More precisely, the mini-spinners 26 forming the 
means for determining the local speed of the fluid are 
mounted on the body 14 and on the arm 18, while the local 
sensors 28 forming the means for determining the local 
proportions of the phases of said fluid are mounted on 
the body 14 and on the arm 20. In this case, a mini- 
spinner 2 6 and a local sensor 28 are mounted on the body 
14 of the apparatus 10 while three mini -spinners 26 and 
three local sensors 2 8 are mounted on the arms 18 and 20 
of the mechanism 16. 

As mentioned above, the mini -spinners 26 and the 
local sensors 2 8 are grouped together in pairs so that 
each assembly formed by a mini -spinner 2 6 and by a local 
sensor 2 8 takes measurements in locations that are in 
alignment with each other .parallel to the longitudinal 
axis of the well 12, i.e. in the same measurement region 
for the fluid which flows in the well. In addition, as 
mentioned above, the measurements taken by the various 
assemblies formed by a mini-spinner 26 and a local sensor 
28 are taken in distinct regions, i.e. not in alignment 
with each other parallel to the axis of the well 12. 

As in the previously-described embodiments, the 
regions in which the measurements are taken are evenly 
distributed over the entire width of the well and 
situated approximately in the same plane containing the 
axis of the well and oriented in a direction that is 
substantially vertical whenever the well is inclined or 
horizontal . 

The variant embodiment of Figure 4 presents the same 
advantages as the two embodiments described with 
reference to Figures 1 to 3 . In addition, it enables the 
apparatus to be simplified by mounting the mini -spinners 
and the local sensors in locations that are physically 
different from the apparatus. 
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Naturally, the invention is not limited to the 
embodiments described above by way of example. Thus, it 
is understood, in particular, that mounting the means for 
determining the local speed of the fluid and the means 
for determining the local proportions of the phases in 
distinct locations, as described with reference to 
Figure 4, can also apply to the second embodiment as 
described with reference to Figure 3 . 


